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L INTRORKTION

This Speciziists! Measting wes osrgenized jointly by the Fluid-Dynamics and Propulsion-and-Energetica
Panels of AGARD, 1t wa¢ hald 2t the Institut Franco-Allemand de Racherches de Saint-louis, France,
setween 27 May and 30 May, 1963, The program comm’ttee a3 chaired by M. 1'Ing. en clef A. Auriol and
consiated of members of beth psnela.

The purpose of ihis repart is to evaluate and assess the scientific aind technical content of the
weating and to draw corcluzions that may assist AGARD and those directina research in planning future
work aad foliow-up soiivaties. The author hae been able tc call upon M. A. Auriol and Prof, J.A.
Stevotee for assistance in prepsying th. report, bui nevertheless must tclle full responsibility for
opinicns expressed.

The meeting wss concerned wiliy two related but nevertheless distinct subjects, engine noise and
sonic beem, ard each sczsion was deveied to one or the other of inese subjects, except for Session I,
which constituted a suivey of the whole situation. We shall, therefore, divide this report into two
r@ain sections, rather than attespt a purelv chronological report.

Before doing so, howsver, we should Teport on the survey paper by Professor Lilley {1)*, which
led off the meeting and set the stage for discussions of both noise and sonic boom. This was a review
of the physics of noise preduction and propagation, drawing upon Lighthill's well known fermulation
of the prob.em as well as the work of Wnitham, Ffowcs Williams, Ribner, and others. The papsr made very
clear that eerodynamic nolse and the sonic boom phenomenon have much in commun, o a great extent
justifying our treaiing the two in 3 single specialists' meeting. Professor Lilley's paper suggests
that, except for the important matter of noise due to turbulence the basic physics is mostly in-hand,
even though there surely are details tha* require further study and a host of practical results still
to be deduced and confirmed. For the turbulent jet, indeed, fundamental understanding is meager.

11, ENGINE NOISE

A guitable backdrop for the week's discussions of engine noise was provided by Messrs. Hoover
and Cochren (), who set forth tne airport noise problem from the standpoint of & re ulatory agency,
explaining how approach and txke-¢ff noise requirements are dcfined and presenting chroris showing roise

Tevels of present aircraft and piopcszed requirements for the fature.

The paper by M. Planke {[24) councerning airport ncise micht aiso be mentioned at this point.
#. Planko reportsd on airplane flight paths (traiecturies) for minimum noise.

A, Fundamenial Topics

pssion 11 was devoted almost completely to fuidamental problems of aerodynrm!ic jivise. In spite
ef ite title. the paper by Dre Uordon {6) was principally soncerned with some basic properties of
turpbulent-iet noize, eapecially scund generated by the impingement of t'» .low on obsticles.

Th.e lv cipole nolse, as contrasted with the quadrupole noiss of the tu Lulence itself, and it has the
possibility of becoming s dominant eyfect, at 'y ast in turbofan engines. The experimerits repo. ‘ed here
did not suggest the presence of significant -1 ole sound. In discussion it was emphusized that thie
resesrch is pertinent to rea! eagine noisz, since blades and vanes will produce this (dipole) type of
sound .

The paper by Mr. Martlew (7) reported on the noise produced in supercritical jets by osciilaticns
of thelr shock=cell patterns. Thess experimenis were made in the N.G.T.E. anschoic chuamber. It
becomes clesy that these shork calla =va -~= {mnortant scource of je! nolege and that this noise has
striking di-sotionel properties.

In a related paper in a latc =ession, Weriiew and Woollay (23] prese: >a experimental results
of an invesiigation of a choked alr jet in an axisymmetric screech mode. These are detailed, tine~
resclved measurements of the field near th jet.

Professor Ffowcs Williams' paper (J) was entirely mathematical and concerned the phenomena that
are chsracteristic of a sound field produced by a sound-source {aircraft) in high~speed motion.
There arise important cirectional effects; wupecislly in relation teo turbulent-jet nolse there s.c
significant effects dum tc the motion of eddies {n the dircction opposite to that of the alrcraft,
Departing from his orinted paver, Professor Ffowcs Williams described the use of the shallow-ws.er
agnalogy 1n turbulent-iat exparimente. Ho atstzs that monupole, dipole, and quadrupole effects are
clearly recognized tn his experiments,
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M, Thomas recported, in his papsr (10}, on intriguing experimenic concerning the effects of
reflection of jei noise from the ground. Hig analysis of the phenomenon draw upon published theocetical
work: the affect of the ground depends upon the freguency, of course, and therefore upon tha spectral
rcoperties of a resl jet. His >xperiments investigated the effects of jet size (r. zle diametexr),
index of reflection {for imperfect reflectors), and tmectral distribution. The results suggest that
tha idealizations cf point-source and perfect reflector will be adequate for practical purposes.

A detailed effort to relate a series of jet-noise experiments to the theories of Liahthill and
Ffowcs Williams was reported by Messrs. Voce and ~ush (31)s They conclude that the theory, which
assumes randomly oriented quadrupoles, can be improved in some respscts if an additional distribution
of lateral quadrupoles is guperimposed. The new theory, however, leaves somn details unresolved, and
further situdies are in progress.

B, Prgctical Applications.

Thare were at least two papers th=+ ronresented attempts to synthesize, from available tnoories,
practical procedures by wnich the nolse properties of resl airplanes can be predicted during the process
of design. The first of these, by M. Kobryneki (9), sparked some lively discussicn, for it followsd
the theoretical paper by Ffowcs Will’ams and was concerned with some of ths same phenomena. This seemed
to be a clash between practical engineere on one hand and scientific investigators on the other. They
disagreed as to whether there exists an adequate body of reliable experimental data to permit this kind
of prediction. The second paper along similar lines was presented by MM. Hoch and Duponchel (21) it
was soncerned with the estimation of turbojc* nolse and consisted principally of & selection of graphs
from which, g.ven the design parsmeters of the engine and the flight speed, the designer should be able
to estimate the noise produced.

The paper by Mr. Rekos (33) concerning NASA's "Quiet Engine Program" is somewhat related, for it
too a2ttempts to predict turbojet nolse and ‘o select engine design parameters to minimize it. It would
be interesting to put NASA's engine design through the SNECMA prediction scheme. The Bair, Yasuteke,
Metzler naper (34) wa~ also related. It recounted the history of the designers! attempts to predict
the nolse propertiee of the C5A transpert airplane -~ efforts which seem, in retrospect, not to have bgen
particularly successful.

There were a nurber of papers devoted to experimental techniques, instrumentaticn, and faciiities
in the engins-poise field (18), {22). ihere were saveral (17), {19}, (39) reporting on devices used to
suppress engine noise - most of these were concerned with isolated engines. So far as fan noise is
concerned, these suppraession techniques seem to be remsrkab’: -ifective. By contrast, the C2A, mentione<
above, may be the archetype of the modern, .irge airplane w . .¢ high-b' 1ss engines have received no
sound-alleviation treatment,

C. Crnclusions.

The impression receiveu trom Frofessor Lilley's survey, mentiocned above, was not contradicted by
the papers and cdiscussion of the subsequ n' sessions., With few axcep*ions *' areas where fundamental
physics 1s lacking sre those concerned wi.h turbulent flow. FEven if the bas.c case of the subsonic jet
at rest le reasonably well understood, the same cannot be claimad for supersonic Jets, especially as
they typically invole random dipole effects, oscillating shock cells, and high speeds of flight, Clear-
ly. we are suffering from our incomnleto underatanding of turbulence itself, and it is ..monglace to
recommend once sgain that fundamental studies in that area be encoursged. We must hope that prediction
and aven alleviatic~ of jat noise will not awalt full resoiution of the mysteries of turtulent flows,
but will require only continued research on the particulsr features that dominste the noise phenomena.
But one senses from this specislista' meeting that we are only baginning to know what these are.

There are other aspects of the engine-noise problem that recelved only brief mention in this mee-
ting but will r.quire the attention of researci: werkers, Among these are imnroved estimates nt th  +ran-
slent loads on the bleces of fans and compressors, elucidation of such matters as reflection and refrac—
tion of sound - perhap: even generation of sound - at variocus places in the airplane-plus— engine system,
and the whole matter of nonlinear »ffects. The most basic treatments of the sonic-boom phenomenor hava
required progress beyond ciassical linesr theory, and it is clear that in some engine-noise problems
there are disturbances of sufficient magnitude as to produce analogous effects. The ,uoject of "pseudo-
sound” - prec<sure fluctuations assoclated with non-propagating disturbance fields - was also not discus-
sed at Salnt-Louis, although it {s sometimes of major concern in aeronautical engipearing.

Experimental results in the aerodynamic-noise area generally agree satisfaciorily with theory, but
in most cases the measurements are rather g'obal 'n charac:er, rather than detailed,

III. SONIC BOOM

The background for this part of the meeting was provided by a trio ~f talks on matters outside the
realm of fiuld mechanics. The first, by Col. and Mrs. Taylor (2), was a 1ev'ew of the legal picture,
propos the boom, in the U.S.A. The plcture is based almost entirely on the history of litigation con~
cerning airplane noise, and involves the delicate balance betwsen legal principles defending air commer-
ce a3 an essential featurs ¢ vwodern life and opposing doctrines thet protect persons from annoyence,
harrassmant, and invasion o1 privacy. The conclusion can only be that the subject !s moot and is non-
tiivaei in the serc..auticsl wozl-.

Dres. Von Gierke and Nixon's review of the aeromedical aspects (3) was in ths same general exposito-
ry spirit. Even severe sonic booms, repe.tedly spplied, seem not to cause physiclogical damage to human




subjects, but beoms involving maximum overpressures of only ..0 to 1.6 1b./8qs fte Fove baen found con-
siatently effective in aw. ning sleepers, There was consic~irable discuss'on, touching, aiocng « “her
matters, <n the possible overriding importance of indoor, rather than outa. =, pressure signatdrfs.
Thirdly, Dr. Weber {4) repcrted on detailed measurements of structural response to sonic booms. xcita-
tion of various structural components of instrumented buildings struck by some 25 controllied booms was

determined.

A. Fundamentsi Topics.

In his paper on the sonic boom produced by bodies of revolution (11), Professu. Cswatitsch repor-
ted on studies based on the method of characteristics and therefore independent of certain approximations
frequently introduced in calculating sonic~boom signatures at grest distances from the aircraft. He con-
cluded that the familiar asymptotic theoriec are inadequste in cases involving accelerated flight znd/or
stratified atmospheres. These conclusions agree with those of other investigators, notably in the U.S.A.,
where calcalation procedures of considersble elaboration are now being used,

The paper ¢f Professor Guiraud (12) introduced the subject of the focusiug eifect and tho related
mathematical and physical phenomena, including the so-called "csustic". These octur in a number of prac-~
tical cases involving linear acceleration, flight-path curveture, and/or atmospheric stratification. He
carried over tc our field the principles cf the theory of so-called "short waves" - also called slowly-
varying waves - developed in other fields of physics. The focusing appears as a singularity in the theo-
1y, and nonlinear effects becoms essential. In discussion, Professor Hayes suggested that the phenome~
non itself is & linear one, but that a nonlinear theory bacomes necessary because of the appearance of
shoek waves in the interesting cases; the speaker agreed. M. Théry's paper {13) was concerned with the
ssme topic, viz., reflection of the shock wave frum the caustic surface, snd also from the ground. The
approachey of MM. Guiraud and Théry are somewhat different) Théry's calculation reproduced Guiraud®s
similitude and provided the value of the magnification due to focusing in the superconic domain. He also
provided charis from which the details of reflection from ground can be ascertained.

The paper of Drs. Cheng and Goldburg (16) concerned a particular proposal, made in the U.S.A.
about a year ear)ier, to reduce sonic-boom effects by electrical means, Their analysis confirms that
corcna dis harge shead of an sircraft might be used to raduce the shock strengtn, but that the power
required would be grossly excessive.

Be Experi: ental Results and Techniques.

There were three papers reporting explicitly on experience in the comparison of theoretical re-
sults with flight resuits. The first of these (15), by Messrs. Fowers, Sands, and Maglieri, was an
analysis of the major American overflight programs. Instrumentation has become more &nd more sophisti-
cated, many experimental data are now available, and many details of the pressure patterns produced by
aircraft in steady flight have beed compared with theoretical predictions. In general, ac-eement is
remarkably good, and there ars few surprises. There are, by now, enough data tc support ¢ = smpirical
conclusions about statistical variations from still-elr theoretical predicti. -, Further «: .iies of the
~ffects of atmospheric irhomogeneities are stiil needed. The paper included o {ew data on structural
and seismic effects. Drs. Angell, Herbert, and Hass (20) reported further on the overfligii-ve.~ theory
comparisun, namcly on the effects of atmospheric properties. The statistical conclusions regarding the
effects of atmospneric turbulence seems definitive; the differences nrted between st. :le and unstable
atmospheres 1s striking.

A most interesting and gifficult flight investigation was reported by M. Wanner (14), namely ob-
servations of one of the focusing phenomena previously discussed by MM. Guirsud and Théry., In these
flights the focusing was produced by horizontel turris and by accelerated horizontal filight. It was un~
asrstandably difiicult tc produce the desiraed phenomena at exactly the location of the instrumertation
array on the groundj nevertheless, at least 27 good cases were measureds They produced overpressure
maonifications (compared to level flight at the same Mach number) varying from 1.4 to 9.1. These are
reported to be grester than obtained in certain NASA flight tests. The data are presented in & recent
CEV Report. *

Sonic~boom simulation techniques were discusse by Messrs. Warren (28} and Schwartz (2¢)., The
former reported principaelly on techniques using explosives, which have been used with consic¢--able
success since sbout 1961} he also described "Blunderbuss®, which involves bursting of a r sssurized
sphere (or conical segment thereof) and has produced, st model scale, satisfactory Newaves., In Tesponse
tc & query, he stated that rise-time in the N-wave can be controlled so as to simulate & o.7ect of at~
mospheric turbulence discussed earlier by Dr. Angell. Mr. Schwart:z described shock-tube, wind-tunnel,
snd ballistic-range techniques. There was considerable discussion, following these papers, of simula=
tion of finite rise~times, near-field signatures, very long signetures, and similar practlzsl featurss,

c. Practical Applications.

The single lecture that wse primarily concerned with airplane design and configuration effects on
the sonic boom wes the one by Messrs. Howell, Sigslls, and Kane {30). In this very informstive paper
the effects of changes of wing planform, engine location, chordwise 1ift distributicn, and similar fea—
tures were shown. Some of the unconventional schemes that have been proposed were included in these
comparisons. ‘ne of these was the electrical "' tom f-rebudy” scheme discussed by Cheng and Goldburg
(shove). Effects on both far - and mid-field . .tures were discussed. 1t {8, of course, impressive
to sse how compensating effects, such as weight penalties, occur snd limit the airplane designer's scope
s he attec.. ihe sonic-boom problem,

¥ Rapport d'Etude N* 277 + "Operation Jericho Virage®, CEV Annexe d'lstres, Par Ing. . Vallée.

I e e

cinm

A b

et e et




D, Conclusions: Round Table Discussion.

The final session of the meeting conslsted of a Round-Table devcted to the topic "Prospects fur
Sonic-Boom Alleviation®. Since its purpose was to summarize and to extract conclusions from the week's
diacussions of the sonic boom, a report on the Round Table can serve as the basis for the closing re-
marks of this report. Participants were Prcfessor Hayes, Professor Sesbass, M. Vallée, and Mr. Warren,
with Professor Sears serving zs moderator,

Professor Hayes suumarized the present status of the nroblam from the standpoint of a theorist.
He pointed out that the theory is in excelient shape, at leasc in principle, One needs Whitham's func-
tion F, and staris with the 1ift distribution, which one can cal¢ulate; then the theory of geometrical
scoustics, with nonlinear distortions acccunted for, is a stra.jntforward matter. It can be applied to
cases involving focreing. He aaw the focusing as a practical problem and proposed cn-board cumputers
to lay out trajectories to avoid focusing on the ground &% undesirable locatizns.

Hes believed that the caustic probiem resuires more research. There are even possibilities of
super-superbooms ~ cusps in a caustic surfacej nothing has been done about this subject. He thought the
effects of turbulence should be esseatialiy different {or large- snd small-scale turbulence, the former
producing the statisticai deviation from theory mentic.. : in some of the papers, the latter producing
rounding-off of the signstures, finite rise times, ete. iinally, "e proposed furthev studies of the so~
called “bangless boom" - signatures free of shocks.

Professor Seebass discussed prospects for alleviation in two c»tegeriest aerodynamic and "exotic®,
the former defined, perhape, by t-e constancy of the Bernoulli constant. The exotic schemes must often
be discarued because the alrplsne designer cannot afford much compromise w'th performances They compete
with alleviation by means of incre-ssd altitude, reduced weight, and improved L/D and specific fuel
congumptions He remembered that Professor Ferri had suggested making alrplanes longer and people smallier.

He discussecd the "bangless-boom™ possibility, which follows fvom the discoveries of Mclean and
Hayes, and emphasiz. ! that both front and rear shocks must be considered in ex, 'oiting these principles,

M. Vallée returned o the focusing problem. “Focusina factors™ as large as 5 were observed in
Project Jeriche (as yepc ©.! by M. Wanner (i4)), and a project cailed “"Jericho Target" will now explore
the subject further - pe...>ps super-superbooms will be produced. Nevertheless, he did not conslder
focusing & frightful phenomencn. He was sure that 5 was a kind of maximum value. Furthermore, the
focusing usually occurs at moderate Mach number - say 1.2 -~ where an overpressure of 5 times the steady-
fiight value i{s often not so great anyway. Th? phenomenon 1s local and we do know how tc position it
within a few kilometers. He thought Professor Hayes® idea of an on-board computer was reussunable.

Mr. Warren agreed that the real problem still lies in cruising flight. He emphaslzed the sxtrems
importance of drag in the performance of the alrplanej compr. .ises of the order of one percent can-ot
be tolerated:s "one percent in drag is important; ten percent in overpressure is pranuts.” He re-empha~
sized the significanc - of {ndoor phenomena in the matter of public acceptance, and stated that these are
me “ly related to the impulse, rather than the maximum overpressure,

There was lively d.scusslon, limited by lack of time. Froiessor Hayes cautioned against putting
too much faitn {n twe criteris mentioned frequently during tire meeting, viz. "PNdb* {perceived ncise in
decibels) and “focusing ratio, Professor Sears questioned, A prooos P-ofessor Hayes' remaris, whother
the problem of lift distribution is really in-hand in the regquired reyiue: of flight,

So far as sonic-boow phenomena are con::rned, then, an overly brief summary of the week's discus~
sion mignt say, firstiy, that the thecry is .emarkably well deveioped and successful - reaily a feat of
fluid-mechanical ressarch - bu. it leads to no panaceasy rather, it suggests that msjor allevistion in
prictice will not be forthcoming in the foreseeable fu-ure. Se ondly, that those features of the sonic
hoom that remain to be elucidated may be somewhat peripheral to the main problem. That the asercdynami-
ciat is sti]ll not told precisely what features n! the signaturs are undesirable is probably inherent in
the situation, for ‘he answers »~s at best statistical and at worst ephemeral or sublectlve., If ths ane-
wers bacome avallable wiih the psssage of time - as, for exemple, the reguirements for gust lcads on alr-
craft became available in the history of aercrautics ~ the J-signer ia prepared to iransla*e the- int:

configurations. But it is not yet clear whether these can be economically viabls airplane confiqurations,

Iv, CONCLUDING REMARKS

The St-Louls meeting surely justified the - “specialists” in ity title. One recelved tne {me
pression that all present were truly knowledgeable in this !mportant fieid of technology and that their
expertise spanned a broad range from the highly methemstical tu the severely practical. The mixing of
propulsion and rluld~dynamics specialists was eminently successfuly the dividing line between the cate-
gories was never visible, Clearly, much importan. information was exchanged throughout the meeting,
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